Neuropathic arthropathy of the elbow is a rare condition, which is disabling and difficult to treat. Initial treatment is conservative and arthrodesis is rarely indicated. We describe an unusual case of progressive unilateral elbow swelling in a 37-year-old female domestic helper. She was found to have neuropathic arthropathy of her right elbow secondary to underlying cervico-thoracic syringomyelia. She underwent decompression of the syringomyelia before underdoing elbow fusion. Her elbow was initially immobilized in a cast to minimize bony fragmentation and soft tissue swelling. Serial X-rays were performed with a regular change of cast as the swelling subsided. When there was no further radiological evidence of bony fragmentation, elbow fusion at 60 was performed using a two-plate technique at 7 months after the initial presentation. With well-preserved ipsilateral hand function, she was could still perform household chores despite having a fused elbow. Radiological evidence of successful elbow fusion was documented at 23 weeks after surgery. There were no complications. If elbow fusion is considered, we recommend a trial of immobilization in the preferred angle of fusion to assess the patient's suitability. Factors such as the young age of a patient and good quality bone may also contribute to the success of the fusion
Introduction
Neuropathic arthropathy, also known as Charcot arthropathy, is a chronic, progressive degeneration of a joint associated with an underlying neurological disorder. It is characterized by dislocations, pathological fractures, joint disorganization and destruction, which eventually leads to debilitating deformities and loss of function. 1 We describe an unusual case of unilateral elbow swelling in a 37-year-old lady. She was later found to have a neuropathic elbow secondary to cervicothoracic syringomyelia related to an Arnold-Chiari malformation. She was successfully treated with elbow fusion following decompression of the syringomyelia.
We chose to highlight this case because of its rarity and lack of established treatment guidelines. To the best of our knowledge, most of the current literature comprises of case reports and small case series with limited outcome data. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] pronation and supination. Joint crepitus was felt on movement. Valgus instability was noted. Neurological examination revealed weakness of finger adduction and abduction, as well as sensory deficits in the right C5 to T1 dermatome.
Examination of the cervical spine and contralateral upper limb was otherwise normal.
Radiographs of the right elbow showed degenerative changes with marginal osteophytes, subchondral sclerosis, joint space narrowing and an increase in radiocapitellar gap ( Figure 1 ).
Further elbow imaging was carried out to rule out tuberculosis of the elbow and septic arthritis. Magnetic resonance imaging (MRI) of the elbow showed a large joint effusion, diffuse subcutaneous swelling and oedema, joint disorganization with radiocapitellar subluxation and multiple loose bodies (Figures 2 and 3 ).
In view of a possible infective aetiology for her symptoms, her right elbow was aspirated and the fluid sent for microbiological studies. Fluid gram stain and bacterial culture, fungal smear and cultures and acid fast bacilli smear were negative. A mycobacterium tuberculosis polymerase chain reaction test and syphilis serology were negative as well.
In addition, a plain chest radiograph did not reveal any features suspicious of pulmonary tuberculosis.
Erythrocyte sedimentation rate was mildly elevated. Total white cell count, C-reactive protein, rheumatoid factor and serum uric acid were within normal limits.
In view of her neurological symptoms, further MRI of her spine was performed, which revealed a long segment of syrinx involving the whole cervical and thoracic spinal cord, down to T11 causing expansion of the cord down to T7 (Figure 4) .
A neurosurgery opinion was obtained. Further MRI of the brain revealed a Chiari type 1 malformation with cerebellar tonsillar herniation ( Figure 5 ). She subsequently underwent posterior fossa decompression and partial cerebellar tonsillectomy.
After 7 months of treatment with analgesia and elbow immobilization using a cast, the patient still complained of worsening elbow pain and instability, which affected her activities of daily living. Radiographs showed worsening bony fragmentation and bone loss.
Surgical options were discussed with her, with special attention being paid to her functional demands. She agreed to right elbow fusion at 60 of flexion because she felt that it was the most ideal position for performing household chores. During surgery, we found severe destruction of all articular surfaces with complete dislocation of the elbow. The proximal radioulnar joint was intact. Fusion was achieved using a 12-hole, 3.5 locking compression plate (LCP) (Synthes; Mathys Medical Ltd, Bettlach, Switzerland) ( Figure 6 ) and augmented with a six-hole, 3.5 LCP (lot number 223.541-601, Synthes; Mathys Medical Ltd) ( Figure 7 ). Viable resected bone was used as bone graft at the fusion site. The elbow was protected in a back-slab. She was discharged well 4 days after surgery.
After the surgery, we continued to immobilize the patient's elbow in a plaster cast until there was radiological evidence of ongoing union. She reported decreased elbow pain and swelling, with no further deterioration in neurological deficit. At 5 weeks after surgery, she was able to hold a cup and use a knife with her right hand. Her plaster cast was removed at 23 weeks when there was radiological evidence of fusion ( Figure 8 ). The patient remained well 36 weeks after surgery. No further follow-up was possible because she was repatriated to her home country.
Discussion
Neuropathic arthropathy is a rare condition, with only a few case reports and small case series being reported in the literature. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The incidence of elbow joint involvement in patients with neuropathic arthropathy is considered to range from 3% to 8%. Eichenholtz reported three cases of neuropathic elbow out of 94 joints. 13 There are many known causes for neuropathic arthropathy. 14 The pattern of joint involvement depends on the underlying aetiology. Diabetic patients tend to develop neuropathic joints in the distal joints of the lower limbs such as the ankle and foot. Patients with tertiary syphilis tend to develop them in the hips and knees. Patients with syringomyelia tend to develop them in the upper limbs. In a study of 12 patients with neuropathic arthropathy secondary to syringomyelia, the elbow accounted for 10 out of 16 affected joints. 15 Syringomyelia is a pathological entity characterized by spinal cord cavitation that often translates into a progressive clinical syndrome ranging from minimal to significant loss of neurological function. 16 It has many underlying aetiologies, although is commonly described together with an underlying Chari malformation. Chiari type 1 malformations were first described by Hans Chiari in 1891 as an elongation of the tonsils and the medial parts of the inferior lobes of the cerebellum into cone-shaped projections that accompany the medulla oblongata into the spinal canal. 17 Some 40% to 65% of cases of Chiari type 1 malformation are associated with spinal cord cavitation. 16 Further discussion of this rare condition is beyond the scope of the present case report. Prompt neurosurgical consultation to consider curative surgery should be obtained, as was carried out for our patient.
Although surgical management of Charcot arthropathy involving the lower limb is well described in the current literature, although the same cannot be said for that of the upper limb. Current consensus recommends conservative management, which includes analgesia, elbow immobilization, physiotherapy, and management of patient expectations, as a result of unpredictable surgical outcomes. In a 2006 review of six neuropathic elbows, all three patients who were managed surgically developed postoperative complications that required additional surgery. 10 In a case of ulcerated neuropathic elbow treated with external fixation, persistent elbow instability, deformity and loss of function was reported at 21 months after surgery. 3 Similar instability was reported after treating a case of septic neuropathic elbow with surgical debridement and external fixation. 2 In the recent literature, there has been at least one case of successful arthrodesis in a neuropathic elbow. 3, 4 Choosing the most optimal treatment for our patient proved to be difficult because of a lack of clear treatment guidelines for this rare condition. The decision to proceed with elbow arthrodesis was made only after discussion with the patient and in consultation with other orthopaedic surgeons. Options considered included immobilization (with cylindrical cast or hinged elbow brace) and elbow arthrodesis. The patient had previously expressed a desire to maintain some degree of upper limb functionality and independence in activities of daily living. These were taken into account during the decision-making process.
Originally described in the treatment of tuberculous arthritis, 18 elbow arthrodesis is now rarely performed. [19] [20] [21] It is considered to be a salvage procedure that is highly disabling to the patient 22 and is only performed when there are no other reasonable reconstructive options. It is technically challenging because of the significant forces acting across the elbow joint and associated with a high complication rate and often unacceptable functional limitations for the afflicted patient. 19 Arthrodesis is mainly performed for patients with severe joint destruction as a result of post-traumatic arthrosis, instability or infection. 21, 23 It has been used in cases where total elbow arthoplasty has failed or is contraindicated. 24 However, in several studies, successful elbow arthrodesis has been found to improve pain control and elbow function significantly. 4, 23 Much controversy surrounds the optimal angle of fusion for arthrodesis. A lack of large studies involving patients who have undergone elbow arthrodesis reflects the relative rarity of the procedure. Most sizable clinical studies involve healthy volunteers undergoing simulated arthrodesis. 25, 26 The current recommendations are for a fusion angle of 90 to 100 . A study by Tang et al. involving simulated arthrodesis in 24 volunteers showed that a fusion angle of 90 to 110 produced the best functional outcome, with poorer outcomes on either extremes of fusion angle. 25 In another study by Nagy et al., 25 volunteers underwent elbow immobilization at either 45 or 90 , with 22 out of 25 preferring immobilization at 90 . 26 However, despite clear patient preferences, significant functional limitations existed in both positions, and hence it was concluded that there was no optimal angle of fusion. 26 We agree with the notion that there is no single perfect approach to determining the optimal fusion angle and that all patients should undergo a trial of immobilization at various angles to attain a fusion angle best suited to their functional needs. 19, 23, 25, 26 We chose to proceed with a fusion angle of 60 because it was well tolerated by the patient and satisfied her own individual functional requirements. Prior to surgery, the patient was able to tolerate elbow casting and bracing at 60 . The patient had previously expressed a desire to continue her employment as a domestic helper after elbow fusion; hence, she was satisfied with this position because she was able to perform basic household chores with relative ease. We felt that, although the previously suggested fusion angles of 90 to 100 provided optimal function for activities of daily living (ADL) and self-care, they do not necessarily represent the ideal position for a patient who prioritizes work-related activity over self-care and ADL. Retrospectively, we would have preferred to attempt a trial of elbow bracing at various angles to determine the best position for our patient. Total elbow arthoplasty was contraindicated because pf the patient's functional requirements. She has to carry relatively heavy loads with the operated limb, increasing the risk of implant failure.
We chose to utilize viable resected bone from the elbow as a bone graft instead of conventional iliac crest bone graft for several reasons. The patient was young, otherwise healthy and had good quality bone with no concomitant infection in the elbow. We felt that it was beneficial to the patient because it would eliminate the need for a second surgical incision, at the same time as also reducing the associated pain and morbidity that accompanies harvesting bone graft from the iliac crest. We postulate that patient factors, together with the inherent stability of our double-plate construct, could have contributed to successful elbow fusion. To the best of our knowledge, this is the first reported case in the literature that uses viable resected bone as bone graft for elbow fusion.
Conclusions
Neuropathic elbow is a rare and disabling condition that is challenging to diagnose and treat. This case highlights the importance of managing patient's expectations and performing a thorough functional assessment before elbow arthrodesis because the angle of fusion depends on the patient's individual requirements. In appropriately selected patients, good outcomes and high levels of patient satisfaction can be achieved even when a disabling and technically complicated procedure such as elbow arthrodesis is performed. Bone grafting using viable resected bone from the surgical site is an alternative to traditional iliac crest bone grafts in young patients with good bone quality.
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